As Chinese architecture masterpiece, ancient Hui-style architecture is the admiration for Chinese and foreign master builders. According to the bending test, the theoretical calculations and Abaqus finite element analysis on 5 Hui-style architecture beams, this paper points out the differences between un-reinforced beams and reinforced beams on ultimate bearing capacity, deflection and other performance indicators. The reinforcement methods of embedding steel bars, embedding CFRP bars and pasting CFRP plate can respectively improve the ultimate bearing capacity by 20.2%, 32.6% and 37.0%.Based on the plane section assumption and considering thereduction of tensile strength causedby wood knots and defects in tension zone, this paper predicts failure modes of the test beams may occur, and gives the ultimate bearing capacity of different failure modes. In addition, this paper uses the Abaqus finite element software for simulating test beams, and the development trend of load-deflectioncurve between the test and numerical simulation are in good agreement, providing reference for further research of Hui-style architecture.
INTRODUCTION
As Chinese architecture masterpiece, ancient Huistyle architecture buildings, such as houses, ancestral halls and memorialarchways, are the admiration for Chinese and foreign master builders. However, due to the long-standing hostileenvironment and the external force performance degradation of the material itself, the mechanical properties of the Huistyle architecture structure continue to decrease, so the protection of Hui-style architecture is extremelyurgent. Based on the results of site investigation, the decay of beams occurs mainly in the ends and the upper position of the components, especially in public buildings such as ancestral halls and temples. Due to the disrepair of these public buildings and the water leakage of the roof, there is a special damage phenomenon that the decay started from the top to core of the beam. This kind of phenomenon is very common in ancient architecture buildings. Currently, there are many reinforcement and repair methods of timber beams. Zhang Dazhao reinforced circular beams with CFRP (carbon fiber-reinforced plastics) sheet, showing a significant improvement of strength, stiffness and ductility, and the flexural strength can be increased by 40%~50% [1] . Wu Zhaohua and Zhou Zhonghong used CFRP sheet to reinforcerectangular beams, and the maximum Full Article bearing capacity of reinforced beams can be increased by 57% [2] [3] . Liu Chengweireinforced some defective beams with BFRP sheet and flat steel making the maximum bearing capacity of reinforced beams increased by 21% [4] . CheWangsu, Huang Weicheng, Huang Liang and Jing Yongshu proposed a reinforcement method by stainless steel bar embedded ancient wooden beam to improve the strength and the service life of the component [5] . Chen Juan used general finite element software, ANSYS, to simulate this reinforcement method [6] . Based on experiments of 18 specimens reinforced with BFRP sheet, Wang Jiangen examined the bonding behavior affected by the sheet layer number and BFRP bonding length to analyze the development and distribution law of BFRP strain and local bonding shear stress. At last the bond-slip curve was provided [7] . Pilar de la Rosa García used BFRP sheet to reinforce timber beams with some discrete cracks and the results showed that the flexural strength can be increased by 3% to 40% [8] . The CFRP reinforcement of laminated wood was studied by SasanOsmannezhad, and the maximum bearing capacity of reinforced laminated wood beams can be increased by 38.4% [9] .A deflection calculation model is proposed by Bourada, M., Kaci, A., Houari, M.S.A., Tounsi, A, which can be used to calculate the deflec- Figure27 Test and the numerical load-deflection curves Table 1 The mechanical properties of Huizhou fir Table 2 The mechanical properties of CFRP sheet and CFRP plate tion of anisotropic materials [10] .A new quasi-threedimensional (3D) hyperbolic shear deformation theory for the bending and free vibration analysis of functionally graded plates is developed by Hebali, H., Tounsi, A., Houari, M.S.A., Bessaim, A., AddaBedia, E.A. [11] .
EXPERIMENTAL STUDY AND THEORETICAL ANALYSIS ON FLEXURAL MECHANICAL PROPERTIESOF REINFORCED TIMBER BEAMS
Existing reinforcement methods can certainly improve the bearing capacity of specimens, but most of the reinforcement methods will cause a certain degree of damage for the component appearance, which is not desirable for restoration of ancient buildings and cannot satisfy the principle of "repair the old as old". Replacing core reinforcement method uses a core material to replace the original area, which bear the original beam load, as shown in figure1 and figure2. However, the bearing capacity of the replaced core component is often far less than the original component, taking effective measures to reinforce the core material is necessary. In this paper, three methods of reinforcing the replaced core component are proposed: pasting CFRP plate, embedding CFRP bars and embedding steel bars.
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Model description
There are all five specimens in this experiment, and ZXL-1 and ZXL-2 specimens as comparisonspecimens, do not take any reinforcement measures. The variables of ZXL-3~5 test specimens as control specimens mainly are the difference of the reinforcement materials and reinforcement construction technology. All specimen parameters are shown in table 5, and the size of specimens is shown in figure3~6. The CFRP hoop is used for ensuring reinforcement materials and timber beams to work together, and the pasting program of the CFRP hoop with lap length not less than 10 mm is shown in figure7.
Figure1The ancient beam Figure 2 The replacing core reinforcement method Figure 3 The size of ZXL-1 specimen Fig. 8 .
In all specimens of the cross section of the middle span, five strain measuring points are distributed along the section height direction, and at the bottom and top position of the same cross section sets two strain gauges. At the bottom of the middle span and loading point sections respectively setting a range of 100 mm displacement gauge, test the displacement of loading points and the middle span, and at the ends of the specimen respectively setting a range of 30 mm displacement gauge, is used to record the vertical displacement caused by the pedestal subsidence. The testing scheme is shown in figure 9 .
3. Analysis of the test Result 3.1. Experimentphenomena ZXL-1 and ZXL-2 specimens presented a linear elastic feature in the process of loading, and did not appear too much obvious cracks before destruction. As loading to ultimate load, at the position of weak area or knots at the tension zone of the specimen, brittle tensile failure occurred suddenly, and generated many horizontal splitting cracks. At the ultimate load, the deflection limited between about 20~30mm. ZXL-3 and ZXL-4 reinforcement beams specimens, in initial the process of the test, the middle span deflection showed a tendency of linear increase with the load, and at the next stage, the deflection started to significantly increase with the increase of load. 
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Load-deflection of middle span curves
As shown in 
The verification of plane section assumption
The strain distribution of timber beam specimens on the middle span cross section is shown in figure. 16~20.When the load issmall, the strain distribution of timber beam specimens is linear distribution along the height of specimen, until the load is close to the limit load, the strain of timber beam section basically accord with plane section assumption. In the process of loading, with the increase of load, the neutral axis moves down continuously, but as ZXL-1 specimen with a kind of quasi-circular cross section, the neutral axis moving down a small displace- ment will relatively increase a large compression area. Therefore, the amplitude of the neutral axis of ZXL-1 specimen moves down smaller.
Theoretical Investigations 4.1. Assumptions
The analytical model used for the flexural response of specimens is based on the strain compatibility and sectional mechanical analysis. The following assumptions are made: -The plane section remains plane after bending. -There is full composite action between the timber beam and the reinforcement materials.
-The tensile plastic behaviour of the wood is ignored, and the stress versus strain relationship of the wood is assumed to be linear. The tensile plastic behaviour of the wood is assumed theidealelastoplasticmodel [12] [13] [14] , as shown in Fig. 21 .
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-The stress versus strain relationship of the CFRP material is also assumed linear, as shown in figure 22.
-The stress versus strain relationship of the steel bar is also assumed theidealelastoplastic model, as shown in figure 23 . The beneficial strength of the CFRP hoops is ignored.
Flexural failure modes
As the compressive strength and tensile strength of wood varying widely, the axis tensile test of wood is brittle failure; on the contrary, the axial compression test of wood is ductile failure. With the wood after arriving in ultimate compressive strength, there has been a large plastic deformation. For unreinforced beams,both of edge tensile fiber or edge compression fiber, anyone is likely to achieve ultimate tensile or compressive strain. At the same time, the elastic modulus and tensile strength of steel and CFRP materials is much larger than that of wood, in the case of the same strain, the failure of steel, CFRP or wood are likely to take the lead. Based on the above analysis, the flexural failure modes of specimens should be divided into the following four failure modes: -The failure of wood tensile fiber.
-The failure of wood compressive fiber. -The failure of tensile fiber of reinforcement materials.
-Delaminatingfailure between specimens and reinforcement materials. XieQifang points out that the timber beams reinforced by CFRP, due to the ultimate tensile strain of wood actually cannot achieve that of CFRP materials, the third failure mode is only in theory, in practice does not exist [15] . The basis of the above view is that the ultimate tensile strength of CFRP material is very big, but for lower ultimate tensile strength of CFRP material, the above view will no longer apply. The ultimate tensile strength of CFRP adopted by this experiment material is only 644 MPa, and the result also shows that the failure of the ZXL-4 specimen caused by damage of CFRP bars.
Theoretical formula
The stress-strain diagram of specimens is shown in figure 24 . Theoretical formula mainly considers the following three processes. -The plane section assumptions. For the failure of wood tensile fiber:
For the failure of wood compressive fiber: 
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Theoretical formula
The stress-strain diagram of specimens is shown in figure 24 . Theoretical formula mainly considers the following three processes.  The plane section assumptions. For the failure of wood tensile fiber:
For the failure of wood compressive fiber:
For the failure of tensile fiber of reinforcement materials:
For the failure of tensile fiber of reinforcement materials: ; γ ε is the ratio of the ultimate compressive plasticity strain to the ultimate compressive elastic strain; h 0 is the distance between the centre of reinforcement materials and the edge of the compression zone; α ε is the ratio of elasticity modulus of reinforcement materials to wood's. -The force balance of cross section. (4) where is the weight of specimen along with the height; is the stress of wood along with the height; is the tensile force of reinforcement materials; is the area of reinforcement materials.
-The theoretical formula of the ultimate bearing capacity.
(5)
The comparison of theory and test results
Considering knots and defects of wood, tensile zone resulting in the reduction on tensile strength, so this paper take 0.85 as the reduction factor of tensile strength [16] [17] [18] . Combined with Eq. (1) 
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ZXL-4 CFRP bar 57.06 rectangle 31.6% 72.8% ductilit y ZXL-5 CFRP plate 59.41 rectangle 37.0% 75.8% fragilit y
The numericalsimulation of Abaqus 5.1. Abaqus model establishing
This paper assumes that timber beam is seemed as a homogeneous material, and the impact of knots, defects on the mechanical properties of timber beams is considered by the reduction factor of tensile strength. Suppose the beam's cross-section still meet planesectionassumptions during its deformation.
In Abaqus finite element analysis software, we can define a variety of plastic materials, but concrete damaged plasticity model adopted in this paper is the most reasonable. Concrete damaged plasticity model uses an isotropic elastic damage theory combined with isotropic tensile and compressive plasticity theory to describe the inelastic behaviour of timber materials, and it is possible to simulate the material's different tensile and compressive failure modes. Therefore, concrete damaged plasticity model can be a good model for the establishment of such a constitutive relationship of Glos P. [14] , with elasticity in tension and plasticity in compression. Besides, loading point and flat steel pad is used coupling connection to couple, this setting allows concentratedforce or reaction force to transmit to the melon beam equably, avoiding excessive stress concentration caused by the numerical calculation does not convergence. The relation between the pad and the timber beam uses tie connection method, by which the force loading or displacement loading will be passed to timber beam.
The model adopts displacementloading method to load, with the load measured by reaction force. The displacement increment step size is 1mm, sustaining to maximum displacement of 50mm. Steel mat is used to transfer the load in order to prevent excessive stress concentration. By constraining both ends of the beam edges, respectively defined as the hinge bearings and sliding bearings, so that the beam end edges can be rotated around the x-axis and zdirection movement is not restricted to simulate the boundary conditions, which can effectively avoid the additional deformation [19] .
The mesh density is defined as a unit length of 30mm. For timber beams with regular shape, hex cell form is adopted as the element shape, which is the type of unit 8-node C3D8R unit linear distortion. 
The numericalsimulation results
The comparison of experimental and numerical results of ultimate bearing capacity and deflection values is shown in table 8. Test and the numerical loaddeflection curves are shown in figure 27 .The stress at the support is concentrated and sections near the support do not satisfy the assumption of plane cross section. The stress distribution in cross section coincides with the assumption of plane section.The mid span stress is relatively small, and the member has entered the tensile failure stage. 
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